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(54) PLASMA PROCESSING APPARATUS AND METHOD AND SEMICONDUCTOR DEVICE 
MANUFACTURED BY USING THEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problem, even 
if high-frequency power is applied to a plurality of linear 
electrodes in a reaction container, while controlling the 
phase thereof it is difficult to reduce the ununiformity of 
electric field strength due to standing waves generated 
on the electrodes and it is insufficient to produce 
uniform plasma. 

SOLUTION: In a plasma processing apparatus, having a \~[F\ 

plurality of small electrodes arranged nearly in the same 11 ^.=T" , ' Tv* ' 'S *v 

plane, when high frequency powers of different A£ ^*r rl ~^ : £~ = ' "" H'S.^- 

frequencies are applied to the electrodes adjacent to 
each other, the combination of the electric field 
strengths generated by respective electrodes can 
provide electric field strength which is uniform over a 
large area to improve film thickness distribution and 
etching speed distribution. 
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5 1 KfE^X^X-^a^go 
Ht*«3] SWB-©i«JB««»©Hi*«:aMB«#© 

t *&mk-tz>m*m i ~ 2 fcusfcoz/^x-^atg 

Mo 

5Ii Sr1«R k 3 CWIoyjXTjlilS 
Bo 

H»Jft3S5] fulE/h«S©*> «»#i:«HR»H:-tit 

[ft#S6] EitMcW(rt-6«f 1 . ^3©/M 
aMHK£ttR$*iS r. t Sri** t tSIWUI l ~ 4 fc|S 

tt/WcfB^©:/^ X-^agsg,, 
[8t&B8] ftMaSKJIElSgiJi. A^SJnSCftcoiK 

jift5ji&m©X7x^r*«^asw£X7 
i-sit*^ s ^^©x^x^Ma^ft, 

[11*9110 1 Ev^c»S5r5SBi. |p3©/h 

fciijitiA^wts c t zftrnt-tzm^ 8 ~ i 
im*m i 2 ] it 8 ~ 1 1 khs«©X7 x-r&a 

So 

[S*S13] fffl2SM)&©jlK^^ 2 OMH z ~5 
0 OMHz t-T^r k Sr^&i-rSitJjtS 8~1 2©l> 

■f ti^tcfE«©X7 x-vtoa*j£o 
[ft*>j i 4 ] if i~i3 ©v^t*vtnci2«©x 
7 x^Ma^es.tFT-7 x-vtBMxm&m^xvm Lfc 
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[^©fftSefttftW] 

[0 0 0 1] 

ic r ti h ©*&as® * ii^a^is * v ■> r fESS u fc¥ 

[0 0 0 2] 

10 [*£*©&'#] ^*fr^*©^itXn-fe^tc*3V^T, X 

s?feW#©fea^g^-Bi^r-fc9, me>©/5X-7 

[0 0 0 3] i©J; 5 ^/7Xvftl©attol^-ClS 

-> y 3 xdvc^Wi k vx\smte v = >M> §fcfis~> v = 

AiLT13. 5 6MHz©RFSilffi!KSrlV^5l5 

30 # fir $gM3£S©*Li^±telimEftrt?;fc 

[0004] r. © J: 5 * £ ft v ^SiBBtft© 

^^*S«$nrVNS 0 ^IS[3SSr3Efc*l!*PS-erfcVHF 
^ : i^iDK§rffiv^5r kX\ /^XviSCfiSt, 7*7 
X-v«;S©(Rl-hd5|ll^F^^ L#S r. i: *s*fl ^>tu-C*3 1) > 

vHF^mm^m^^^ kx\ jK&tt&m&xvmm 

[0 0 0 5] L^L^^b, VHF^BjUgEttRF^M 

40 jn^i <o t&*a s Mv>fcie>* i^ji^mffi©^s*ATf-j£ 
rt«&-tt^s<*5fc», j^ita©^^^^^ 

©Bf*3*&— ^©^ft;, ^^^^^©^n^^^v^w 

- h©SrtfeJ-i±©»k^§|#®r LTL*5o 

^/7XvWffii(-^5o rhf>o;tH> rf 

50 m\.^*.mmwm*'if5^k\*. nm±mmxhz> 0 
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[0 0 0 6] Z.<D£oftmm\£$&&; VHF?£iS/§]&£ 

m^x*mmtim&?im}:irz>^mtmm2 o 00-3 

2 3 2 9 7^m^m^$ilX\^ 0 @1 2t±!), # 
12 0 00-3 2 3 2 9 7 ^k^M^iX-C^S:^ 

1, 22i2o©tjgl 1, 12 5rfi ^Oti* 
[0 0 0 7] 

[#Bfrft*feLJ:5&-*-SI!m *3SK#e>tt\ #H2 
000-32329 7-^^»cM*$tfCV^5«t 5*. 

fbwm *m v>fc v h f & *m v> fc7<a«#yffi©# 

T> 2oO#tSS2 1, 2 2«gl cm, 1 5 

0 c mV^^T ^ \s ^WfrhK*) , 21 3 OmmglHS 

*fCv^iS5«««««:<E£U ft«o«!Ktfeti|j||8 
iKm^wjil&f&KJ: 5i#»IM^ osvfrmjMH- 

U a^^j&»&#Wtt*^©lin© 7 o 

atWEiJMeufc. «iM&K$Mm, itneffSMaM* 

(c*51t5Sffijff^©S#3SASr 1 0 OMftts 10 0 
iwf-^c (**ffi-*/JM5S) / (**lt+*/.Mt) 
x 2 t Lfc, JS«#©*tttofc#oTmJM^#*#;*:* 
<fcoTV^<**s*Uofc. £*U4, MKltOitt&ntziJ: 

^ti©ffiJlzSm^Sr»AbfcV^n©*^-tm*ic^ 
*v-5 0 £9fc>«1\ l*S>fc«?©Sffi©*$^Si-^^-!f 

rist), r©i 5^7*7 ^^±19^13^5 h toa 
©*&— t^&sn-fSSa^cs r i (4§g ba>-e$>5o o 

[0 0 0 8] ±lBRH«r«*Tfc$;h,fcfc© 
■C*>5, ¥^^E©^:^t:^atg7J[n]Ji(cmLfc 

^a®^©7c^t:^a5S.s©^±, aiwaafpjt© 

•5 C £ (c<fo<5 0 
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[0 0 0 9] 

[R«Sr#«:t5fc»©fa] *»WO*10tt«l4, 
OffMHfcWu tt^A#EKff&* B&l^l-^SJbfcgflS 

[0 0 10] *#W©flS2tf>J»«W\ ttWaaSMJEKSB 
[0 0 11] *»W^*3<D««tt. »1<^JI8«-C*>S 

[0012] 

i: S X 9 ^ffi£«T- 3 . 
[0013] El tt*JH8<oSOIt<o»*K«5^5X^ 

teaiKit<omaHff3fto?BB. 12 (a), (b) , 

(c) lil^^yX^M^I^tSIfoii^^ 

[0 0 14] Hll(C^5l^T, ^yXvMill^Hi 
40 itSl cm. 1^150 c m(D^^>U^#7)^ 

45, SV^3 0mmiri$tltl^§2O(7)#ti|i2 
1, 2 2tiitV^, #WI2 1, 2 2<DWSHS5H:, 
*r;|x-?ix# 1 co^iD^mM iii*i 31,8 
2(DSjl^m® 1 2 if2(OglS3 2fc85«£jh/CV^ 
8 1 tf>KJHz£B}I 1 1 h m 2 offijn&ffil 1 2 

^jtvwt-ifrows 2 1 £ftfe^<os.S2 2{cffijn^m^ 
£Rwq-r<5 0 ^fcSicoKji^m^i 1 2©fiM 

UI12», i«ffl»«*©ffl«»dS»4o"Ci39, 81 
<OfSil&S^f4 5 0MH z, »2 0jSJSS«JHttl 3 5 
50 MHzT*fc^>o 
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[0015] iii 2 (a) mi<Dmmm.mMi 

SS2 l©iE#fc£CS«JMia^*bTl^So *fc0 
2 (b) fl. ^2(Offi«iK«a5l 2{c<t9 t 5— 
112 2(C»JHSm^lSrTODLfc*^^ N ^Ofg2 2 <D 
iE#fc£Ca«JH»a^*bTl^ c El 2 (a) *5J:tf 

(b) ^-ri: m&&(om^£oxmte^tz.m 

■e©B©7 O^i^Sr^filWSii^ftLfc, 0 2 
(ctj^-J; 5 f-> (a ) T?tt»mjftd*fe»««*"CBtf* 

ii^®#&*^±f sp u ( b ) "CHdemaiiE < -e«#as 

[0016]H2(c)tt. H2(a). (b) <Df£& 
[0 0 17] **W<DX9X^ffiSI»11tt;, SfrlE/MM$ 

£ft5o 

[0 0 18] J: 5 4***tt5**B©^7X^ 

s r-t a* «rtB £ ft *• 

[0 0 19] l3bffl&«c<^j(5^S«*SrPPi0i--5a»:o 
[0 0 2 0] 3«K<o«tt*S:«v\ fcmcomimmt 

mm-tzm 2 a>m*5 £ jg 2 <owmt mm-tzm 3 o 

l©«*fcH3*P*ixSieflHft«Eo«jft*fc b-efc5 
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ft So 

[0 0 2 1] 2««<o««»Srfflv\ ttift<o*imffii: 
igt§S2(Dliiil ffl^PSixSSIJSifcflffiojgffi 

10 [0022] i:oi5ftEv^B»t-S/h««K*«!S 

fflv>SJB«Jlc©j6*K»bT««o«*^fc/jNSv^ 
[0 0 2 3] ftmif.Sr3Efc 

*aMB<ft9 9 v^^/woS^RjS^fliihSJxSr 

[0024] *fc, ftm# 
Sr3K Kffijgt-i-saUo^Jfe 4: bT, #*^/hWSfc:B«W$ 

30 Sl^ratfcSo ^r^fcfe. *»W©X9X^«k3a 
v\ #/h*ffi(cR]JpSjx5i«JS«WEoffiffllBBE«. 3- 

Efe ««KiHlJP+5i«»jftm*«)**SfcJt:o-CH:. 

40 jaajt«*s3*< fts^feSo <t 5 (ciaffii:^ 

[0 0 2 5] #/hftttKW*PStbSi«flSL«BE(0«jK* 
Sr2 0 — 5 0 0MHz(Djfflit§^ £ "C\ X^X-^4 3 

oiRi±*iai*icpriBi:ftSo r r-c#/h«ai^ppjpsn 

50 ^m^i, *©/Mt*©*«^ yt'-^CiSct, 
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[0 0 2 6] ^^©^yX^ftlSf^^^lC/yX 

[0027] sir, *»H<o-*»«fc, mk<nmk<o 

<*J6Wl>H3te, *MWc^L/cX^X^C VD 
cvbS«©l&»fffiHSr*-rc *SBt #*2*A^ia! 
4rtS5(c N 6*Oftft©/Mg2 1 — 2 6£rl^|— ^FBi: 

tc^-TJ: 1-2 6 0l&t*»c#B&««»*4 

0 <o**3»tt1t-t~S J: 5 lc*ffl«S^SriHt*-5-& 3 co 
±lcRflSJirv^S 0 *HJK«fc*3{tS/MtS2 1-2 

lOmm^tfc^ l*(OfiJftl5 0cmt?ibD, 
4 0mmt>^T«l££;frTl^ o #*<D/MKS2 1- 
2 6 CO— *KH:, IcS^S 7 1 — 76 gr^ IT JHi£ 

K^^rx^nAttflMi 1-1 6*«»*^r33 0, # 

: (2 0 cmX 8 0 cm^) 

*g#X«i:fi : S i H 4 1300sccm 
H 2 1 8 0 0 s c cm 
2 0 013 

mmwimi} : e o ow 

# XJE* : 1 0 P a 

**M»»K:>I* L T ±FB#ciclEI£ $ ft § *#<D/Mtffi 2 
1-26©?^ 2 1 t 2 4 (CteJDStifc 15 0 MH z (O 
^ji^m^^^PL. 2 2t2 5CSfl8*5 0MHz 
OjSjfiSm^RttPU 2 3t2 6|C(tl0 0MHz<O 
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-16ft 2 1-26 ^ffl*P£*L5i«J3i£«;*J 

^6 0 OW-eWCiSSJ: 5lclHSLfco 

[0028] i R»m<DaauKttao«^ y = 

10 *B15%iftofc. *W-Ctt, /MS20U2 04 
Haws-*- SflM^WW**;*: k ft 5 , /hWS 2 0 2 t2 

looiofy^© (**tt-*/JHtt) / Ok±m+ 

<lfe«0J 2 >HJfc00 1 ©WM Sr** U /MM 2 2 *3 
i:^2 5\z%]m~i~Z>mm%im£)l)K /.MM 2 l £ 2 4 fc 
WJP"*-Si*fflS[«*^l. 4f££ft5J: * 

1 3 % £ ft o fc 0 
20 [0 0 2 9] /MttB2 l*5«tV2 4 ft, /MS2 2 3o£ 
tf2 5KJt^T^i-5i»fl«mA©JII««*i«V^* 
(C/MI2 2^2 SiiJCit^TiS^CDX^X^^^ 

<jt«« i mm i 2 1 mm<om 

m^xxma&efrh u /htw 21-26 <d^t k 

30 5 0MH zOffiJSSEB^SrPPJDbfcNF, lOOMHzCQ 
iSSJS&W^SrRWJPLfcB^ 1 5 0 MH z O^jDa®^^ 

0 MH z T112 9%. JSffiStl 0 0 MH z Tit 3 6%, 

JSffilft 15 0 MH z -Ctt 6 3 % t fto/c c 

<H^!J 3 > IH 5 (C^MM {Cfem L fc X 9 XV C V D 

il> JS***"Bne©i«fl«WK3ol 1-1 3Sr«^iT 

l»£±oT*£«£*U />»ffi2 l*5J;T/2 4(CffiJSi6 

40 «^*shijps*l* 0 in^iu^^mas i 2^6>mc, 

^7 2Sr^LT55-E*8 2fcJ:ot*»ES^ />m® 

2 2*5±t^2 5R:*«*mA3SSHiaD**t* 0 KJnamM 

^IH^n, /h««2 3*5±l^2 6K««jft«**SRlJnS 

fee 

.[0 0 3 0] HiD^m^l 1 (OjajftSkS: 1 5 0 MH z fc 
ffijl^mSI 1 2 5 0 MH za, fflM)^ 

50 H3IS1 3<£jg&»3rl 0 0MHz £-*-5o -^^^^ # 
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/hWS2 1~2 6^PP*P$tu5fl5JliSffi^^6 0 OWT- 
£ft5 <fc 0 KffgLfCo 

[0031] i B#w©^)R^a^, #mht> y 3 

7 xmfcO&ttm £ 1 0 fiv ^£ 10f^i4 

±^2 5(CSlA0l-^iftjlK«Ml 2 (OHJl^m^J^, * 
2 1 £ 2 4 Kjl&mM 1 1 <Dftm&MtJ 

©i. 4fst/<c5j: 9cim JttismtDgzmzmm 

[0 0 3 2] 2 1 2 4 /hftffi 2 2 

U«2 Sf-it^-CSA-rSffiil^m^WjlK^iSV^fcfe 
|C/hli2 2^2 5 ±i^it^<xm^3l^y X-^^^^g 

Dl © 7° 7 Xv&lgf (C ft , m C Jl |=p $ ft 5 /h 

<35»S08 5 >H1 6 (C*HJ£^!)iC^ Lfc/7XvCVDl 
*<OB&^EE!^^i- 0 #*a|A^i§:5 £K£ 

6 7- > w*»S©»&*B 4 ftSB 

16 <£>/>Sffi 2 0 1 ~ 2 1 6 £r(H]— ¥ffi± 

■csv^fcsptffcTffiftKERbJiLo, «#ksgis#4O0> 

LTffilc^lRl i: 45 J; 5 l-ffig LT^5 , 
S^®7'7XvCVDlf-efc5, tS!iIM4 0 
il, ittft X b K'bWm 2 0 1 ~ 2 1 6 (DS&'P&K 

2 0i~2i ettxTisuxmUv)— \S.m£<o%Wx-ib 

t), l^fcOOlgemm, S$ 1 3 0 c mT?fct5 , 
4 Ommtf s^-eBBi^^-CV^o *HJfiW©7"7X-v 
CVDilll ffl&^pr^<0 2o(OiS^j£TOSl 1, 
1 2*ff*.-Cl*S. iSiSzK1l211 l3»»6»iM»7 1 
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SMHSB** : U^TsWfc (6 0 cmX 7 0 cmffl 
SiH< 1 3 0 0 seem 
H 2 1800sccm 
WSLmM: 20 0t 
&«SE«:*J : 6 0 0W 
* : 1 0 P a 

01~216©H, ■S l *#-9-|-'(4S1-5/hmSl*{-(i 
fflJSftl 3 5MHz<OjaS^flg^3SrBI*BL, 

io $LUi-z*mmm^\3.5 omh z ©ffija^m^s-^jp-r 

5c rco££, #/hSS2 0 1~2 1 6^PPJD$^5S5 

[ o o 3 3 ] i tkm<omm&m<z>&* v =» v« 

K^±ta^ixfc^7^»K$-S^^4d^5imL, # 
7**fc©S^;£fR]S:10^£\ Mv>;fr£:3 0 3s#£ft 
5 J: 5(C'gj[&fbr^j?:siJ«ffl-y-v7 p /w^3 o oiML 

20 *^jifc„ i©J:5l^ fttoSllffitKatif 2 
5 <fc 5 1-1" 5 r £ -e> *«*Kfll"C J-o^ffiflffctefc o 

[0 0 34] ##:#-§•{C'e:«-t-5/J^«1lPtt, {sm#-^- 
fR*Si«v^fc«>t«B:#-g-fcffilBi-S/jN««»±K:ifc-<-c 

e> ft 5ttJ*^©5fc#*s bTIB £ ft 5o 

<hjs^!| 7>i7 {c*mm$nz.@im bfc^^ xvcvds 
rau #iUftni«ctium9 1> 9 2^ittfc 

9 , ffiiHRWai 1 1 , 1 2*»e>|ft*&S4x5Kffl««flES- 
s<;U*.^mTZ> i £ IC J; •? , #/Jn®^ 201~216t 

LSip-r-5-£^t?#5. &mmmxte. #/>gg2o 

50 1 ~2 1 6(cSliDl-5S5jljam£E(C*j-LT, 7a-7-( 
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12 



10 



20 



—it 5 0%, 10 0kHz^waiBS:ffofc 0 r^V 
• 5 >^tt#/h««2 1-2 L 

m> RW5M&I41 0%t?&ofc 0 S/t, 

<mmm s>ms \z.^mmm\^m ^tz?? xv cvd^ 

ft, rTSO 2 ooffijDKm^ 11, 12 Irfi 

-o^s. Sjn&maEi i^e>*ssttfci««aKtt, 

tt$*LTl^SiejBj^K^3IAU #*©i*JSIjftitftKfc: 
Kit ^ixfeffi^#-^^^^^ffiMS^^STffi» 
#*fcffi«i-S/jN««*^B]ipSlxS 0 #/h««2 0 l 
-2 1 6fcH3^i"Si*«jft«£EOffiffi*JWtt, 

<tv*^^^^^^^^#^$ixs<fi:ffiai»#i o l- 
l l 6 CJ:otfTofc 0 *MiT1i, 

■r*/h«ai#tcttas[*i 5 omh z<Dmmm.mjj&pp 
sou ffi»#^-tcfa:a-rs/j^«ai»(-n i o omh z co 

OffcffiSrMffiBttffiwaES^io-Cl 8 0.Sf^Lfc o * 
ffliH^m^J : 6 0 OW 

jgUKvtf^ :SiH, 200sccm 
H 2 1800sccm 
B 2 H 6 (2. 0%/Ho) 

MJSS^J : 1 0 P a 

13 5 MH z 

E : 2 0 0°C 

i a#jHts/ y a ^*R^auRftft= 

iSJHi£<;fr : 6 0 0W 
SfSSSiSa : ^V3#^= 5 0 » s e c . 
JgMrf^ : S i H 4 1 3 0 0 S C CM 

H 2 1 8 0 0 S CCM 
$lMJ±jj : 1 0 P a 

1 3 5 MH z 

E : 2 0 0°C 

60 OW/c m 2 



[0 0 3 5] *H1M-C«, LT^ffiBSLfc 

x. tf f-tBSt -T 5'* IrJ ^ flEffl £: GMra L r 

■Sr/Bwc. #*«^y =>*R^6>***WE1MI«: 
^ti^it?, *R*»«»&fl3«Lfco *HJSW^ 
48V^rfMLfc*R*»m»OWWfffiiaSrH 9 ic^-To 
0 1 t LT6 0 cmX 7 0 cmtf $ 1. 1mm 

©if9^*tESrfflv\ ~(D±\zmmmm4 o 2 1 lt\ 

^5'^y^ftia9ZnOlr«l//mOlBfi:^§ 
i5C»«Lfco ^^m. 39HHS4 0 2OTR*Sitfc 

Sffi 4 0 1 7 (C/Tt^7 C VD^f 
^^a^SAt^o fulfil 3 2 0_b(C N MJP3 0 
nmOpS^lf^y^i^OS, Rf3 0 0 nm 
©iI?fif^y^>'Sl4 0 4, ^i¥3 0 nm^ni 
^AS^> y =» ^Ii4 0 5 <D«^«Ri-S r t "«te«3E 
Lfc. p. is nS^^fyy^I 
Ro»R*#S:KTI^i- 0 *j8 % iife^y^y 
»R4 0 4 08fR<£>|RicW\ #/Mlffi2 0 1 — 2 1 6 M 

w^saswjftm^Kisjb-CT**— ^>r— its o%. i 

00kHz ^^/u^^BBSr^roTl^So 



3 6 0 s c c m 



«f^Mii50MHz ( 



^-7^M= 5 0 n s e c . 



5 0 MH z < 



Jg£f;ff;* :SiH 4 150sccm 
H 2 1800sccm 
PH 3 (2. 0%/H 2 ) 150 seem 
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MB:J±tl : 1 0 P a 

ja»# : 135MHz, 

mtiLtZg. : 2 0 Or 
4 0 lSrBtOHlLfctt, «I1S4 0 
6iLT, ^/^^y^jSfeluJ:9AgS:3 0 0 nm(Z) 
f*t44J:5l^tfc 0 XIW4 0 6H, 3fc*£ 

[0 0 3 6] lfecO^f^^S^^/c^), lOfiXlOi 

©nMstfeA' (iw4cm«) *rfp*u 10 

U #/.MI«2 0 1-21 6\Z.fiWFt&mm9itt\zM 
ItT^^T^-it 5 0%. 100kHz tfWl^^H 

[0 0 3 7] ^SSWO^^X^CVDKIKSrffiV^Tf^aSl 
[0 0 3 8] ^MMmX^ *«?9©/7XvCVDS 

sxiMi fc -r 5 *BE*»«?it o^afi^ n i? * ^ a ^ Lfc 
KiauH-ct tew 5 *-ct>fci\, *5&k(c*5v^t, 

[0 0 3 9] 

[0 0 4 0] Lft#oT, #3893fc,fc!!K 50 
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5 0MHz. 
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